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Seminar: Group SSW 

Overview: Sudden Stratospheric Warmings (SSW) in the Middle At-

mosphere  

Background 

The circulation of the atmosphere in the mid-latitudes is dominated by so-called "planetary waves" (PW). They 

lead to a more or less periodic change between high-pressure and low-pressure cells and significantly determine 

the large-scale weather situations in the mid-latitudes. Even though PW are mainly excited in the troposphere, 

they often propagate through the troposphere up to the mesopause (90 km). In this way PW contribute to a 

coupling of the different atmospheric layers. The impact of PW is most dramatic during so-called "stratospheric 

warmings" (SSW). These are spontaneous, strong warmings of the stratospheric polar region within a few days 

during winter, often preceded by a cooling of the mesosphere. This is associated with a strong weakening or 

reversal of the westerly wind flow in the stratosphere. An increased activity of the planetary waves (PWA) due 

to wave resonance, which leads to the breaking of the waves, seems to be the cause of the stratospheric warm-

ing. The energy and momentum released during a break, weakens the polar vortex. This can lead to its displace-

ment and eventually to its splitting.  

Research Questions 

1. Why does SSW occur? / How can SSW be characterized?  

2. What is the DAI? How is it calculated?  

3. Which PW are predominantly responsible for SSW?  

4. What is the importance of SSW in the context of climate change?  

Dataset 

The dynamic activity index (DAI) is a measure of hemispheric PWA with daily resolution. The index is based on 

temperature data from the European Centre for Medium-Range Weather Forecasts (ECMWF). This is the ERA-5 

reanalysis data set from 1979 to the present. For this purpose, we provide the DAI in 10 hPa pressure level since 

January 2000. 

Methods 

First, the time series of PWA is presented and anomalies are detected visually. By means of wavelet analysis the 

PWA is investigated over the period of a SSW. The result is a spectrogram, which shows the periods of planetary 

waves with their spectral intensity depending on the time. From this it becomes clear which PW components 

have contributed to the SSW.  

Topics of Presentations 

- PW in tropospheric circulation 

- SSW and impact on weather 

- DAI and ERA-5 reanalysis dataset 
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Group 1: Instruction for literature research for the presentations 

The following questions should be answered in the presentations: 

Presentation 1: Planetary waves in tropospheric circulation 

1. Describe the circulation of the troposphere. 

2. What are planetary waves? 

3. How are planetary waves excited? 

4. What are the properties of planetary waves? 

5. Under which conditions do planetary waves propagate into the stratosphere? 

Literature Presentation 1: 

Barry, R. G., & Chorley, R. J. (2009): Atmosphere, weather and climate. Routledge.  

Andrews, D. G. (2010): An introduction to atmospheric physics. Cambridge University Press. 

Küchelbacher, L. & Bittner, M. (2022): Large scale dynamics of the atmosphere: planetary waves. In: Bittner, M. (Ed.), Science 

at the environmental research station Schneefernerhaus / Zugspitze, Umwelt Forschungsstation Schneefernerhaus. 

https://www.weather.gov/jetstream/longshort  
 

Presentation 2: Sudden Stratospheric Warmings and impact on weather 

1. Describe the circulation of the stratosphere. 

2. What is a sudden stratospheric warming event? 

3. How do planetary waves cause stratospheric warmings? 

4. What influence do stratospheric warmings have on tropospheric weather? 

5. What influence do stratospheric warmings have on the atmosphere? 

Literature Presentation 2: 

Baldwin, M. P. and Dunkerton, T. J. (2001): Stratospheric harbingers of anomalous weather regimes. In: Science, 294, 581–

584.  

Baldwin, M. P., Ayarzagüena, B., Birner, T., Butchart, N., Butler, A. H., Charlton‐Perez, A. J., ... & Pedatella, N. M. (2021): 

Sudden stratospheric warmings. In: Reviews of Geophysics, 59(1), e2020RG000708. 

Butler, A. H., Sjoberg, J. P., Seidel, D. J., & Rosenlof, K. H. (2017): A sudden stratospheric warming compendium. In: Earth 

System Science Data, 9(1), 63-76.  

Domeisen, D. I., & Butler, A. H. (2020): Stratospheric drivers of extreme events at the Earth’s surface. In: Communications 

Earth & Environment, 1(1), 1-8.  

Hall, R. J., Mitchell, D. M., Seviour, W. J., & Wright, C. J. (2021): Tracking the stratosphere‐to‐surface impact of sudden strat-

ospheric warmings. In: Journal of Geophysical Research: Atmospheres, 126(3), e2020JD033881.  

Limpasuvan, V., Orsolini, Y. J., Chandran, A., Garcia, R. R., & Smith, A. K. (2016): On the composite response of the MLT to 

major sudden stratospheric warming events with elevated stratopause. In: Journal of Geophysical Research: Atmos-

pheres, 121(9), 4518-4537.  

https://www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/wind/sudden-stratospheric-warming  

 

Presentation 3: Dynamical Activity Index (DAI) and ERA-5 reanalysis dataset 

 

1. What is the DAI and how is it calculated? 

2. What are the main characteristics, such as resolution (spatial and temporal), of the ERA-5 dataset? 

3. What is a reanalysis data set? 

Literature Presentation 2: 

Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horányi, A., Muñoz‐Sabater, J., ... & Thépaut, J. N. (2020). The ERA5 global 

reanalysis. Quarterly Journal of the Royal Meteorological Society, 146(730), 1999-2049. 

https://www.weather.gov/jetstream/longshort
https://www.metoffice.gov.uk/weather/learn-about/weather/types-of-weather/wind/sudden-stratospheric-warming
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Bittner, M., Dech, S. & Loyola, D. (1997): Planetary scale waves in total ozone from ERS-2-GOME 

data. In: Proceedings of the third ERS Symposium on Space at the service of our Environment. 

Andersson, E. & Thépaut, J. (2008): ECMWF's 4D-Var data assimilation systemthe genesis and 

ten years in operations. In: ECMWF Newsletter, 115: 8-12. 

Daley, R. (1993): Atmospheric data analysis. 2. Aufl. Cambridge university press. 
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